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Summary  
The objective of this study was to investigate whether the rate of change in cartilage pathology could be effectively 
monitored by magnetic resonance imaging (MRI) as part of a longitudinal investigation of an osteoarthritis model 
in vivo, and to define the minimum requirements necessary to establish disease progression. Magnetic resonance images 
of the knee of eight male Dunkin-Hartley guinea-pigs were obtained at 8, 12, 18, 24, 30, 36 and 52 weeks of age using 
a two-dimension spin-echo sequence with a TR of 1500 ms and TE of 40 ms. The total thickness of the femoral and tibial 
cartilage was measured from those images. Over the same time course, sets of spin-spin relaxation-weighted images 
were acquired from two additional animals of the same age, from which the T2 relaxation times of water in the articular 
cartilage were estimated and compared with those of muscle and adipose tissue within the same joint. The cartilage 
thickness of all the animals increased uring the first 6 months, then either stayed thicker (4]8) or became progressively 
thinner (4/8). Up to 18 weeks of age, the cartilage T2 value was between 23-24 ms but became levated by 30 weeks and 
the mean value was more than 40 ms at the end of the study; T2 values for the muscle and adipose tissue remained within 
the range 30-33 ms, or 47 ms, respectively. We concluded that in this model, cartilage thickness measurements from an 
magnetic resonance image would not provide a reliable marker to stage osteoarthritis progression partly because the 
cartilage was so thin in a joint of this size, but also because the changes with time were not linear but biphasic. However, 
quantitation of the T2 relaxation values may provide a more predictable indiCator of cartilage pathology for longitudinal 
studies because the changes were monotonic and independent of cartilage thickness. 
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Introduct ion 
OSTEOARTHRITIS (OA) remains  a major  cause of 
pa in  and disabi l i ty in a h igh  propor t ion  of elderly 
people, and there  is at present  no effective 
t reatment  o slow down progress ive deter iorat ion 
of the jo int  t issues. The condi t ion has an il l-defined 
pathogenes is  par t ly  due to inherent  heterogenei ty  
but  main ly  because there is no means  of ident i fy ing 
ear ly changes to  the cart i lage and bone, or for 
fol lowing the course of the natura l  h is tory  in 
indiv idual  pat ients.  
Studies focusing on ear ly  events in a r t i cu la r  
jo int  damage have, therefore,  used an imal  models, 
of which there are three main  types: those which 
involve surgica l  in tervent ion  to induce mechan ica l  
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instabi l i ty  of  the jo int  [1,2]; those for which 
chondrocyte  metabo l i sm has been a l tered by 
enzyme deplet ion of  the matr ix  [3], immobi l iz ing 
the jo int  [4-5] or exposure to drugs that  interfere 
wi th  glycolysis [6]; and others  which are spon- 
taneous  or genetic models [7-9]. Those studies have 
suggested that  changes in chondrocyte metabo l i sm,  
mechan ica l  propert ies  of the matr ix,  and cart i lage 
f ibri l lation, precede radio logica l ly  detectable dam- 
age [10-12]. We seek to mon i to r  quant i tat ive ly  the 
loss o f  cart i lage integr i ty  longi tudinal ly  in vivo in 
order  to val idate methods  which we can sub- 
sequent ly  use to follow the development  of s imi lar  
defects in the ear ly stages of OA in man.  
Magnet ic  resonance  imaging (MRI) has been 
widely used to d ist inguish normal  from f ibr i l lated 
cart i lage based on v isual  appearance  of the images 
[13-20], and has also demonst rated  in a cruciate-  
deficient dog degenerate  cart i lage that  appeared  to 
be hyper t roph ic  [21]. More  recent  studies have 
a t tempted  to est imate accurate ly  cart i lage thick- 
ness and volume in the human knee [22, 23]. 
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The obj ectlve of the present study was to monitor 
by MRI progressive loss of articular cartilage in a 
spontaneous OA model. We chose to examine the 
changes associated with development of joint 
degeneration i  the guinea-pig knee (stifle joint) as 
previous investigations had shown by histology the 
occurrence of cartilage lesions very similar to 
those seen in human knee OA [10, 11] and we have 
previously established that pathological changes in 
this model characteristic of OA, can be visualized 
byMRI  [24]. 
Mater ia ls  and Methods  
GUINEA-P IGS 
Twelve male Dunkin-Hart ley guinea-pigs aged 
6 weeks were obtained from Interfauna, Bucking- 
hamshire, U.K. They were housed singly and 
allowed food and water with added ascorbic acid ad 
libitum. Eight of the animals were placed in a 
group for longitudinal imaging to provide one set 
of coronal and one set of sagittal images of the left 
hind knee at 8, 12, 18, 24, 30, 36 and 52 weeks of age; 
two animals were kept as replacements for the 
serial study. Two further animals were used to 
obtain serial measurements of the spin-spin relax- 
ation (T2) times of different tissues within the knee 
joint at similar time intervals. Before imaging, the 
animals were anesthetized by intraperitoneal 
injection using a combination of Hyponorm/Hyper- 
novel (Jannsen/Roche) diluted 1:1:2 in sterile 
water (2.5 ml/kg), weighed, and laid on a plexiglass 
support bed. The hind leg extended through a gap 
in the bed with the knee (stifle joint) placed 
centrally within a solenoid radiofrequency oil. At 
the end of the 60 rain imaging period naloxone 
hydrochloride (Narcan/DuPont) was administered 
by intramuscular injection (0.1 ml/kg) to ensure a 
rapid recovery. 
In the event, three of the initial eight animals 
assigned to the longitudinal protocol failed to 
survive the duration of the serial study: one 
succumbed immediately on being re-anesthetized 
at 12 weeks of age and a replacement was 
substituted; a further two died of gastroenteritis of 
undetermined cause apparently unassociated with 
the imaging protocol occurring, as it did, several 
weeks after the 18- and 30-week time points, 
respectively. These two were also substituted from 
the remaining animals outside the multiplanar 
protocol. Excepting these, image sets were ob- 
tained from every animal in the study at each time 
point. The order of imaging on each occasion 
however was randomized to reduce any systematic 
contribution to error from the manner in which 
imaging was conducted at the beginning and end of 
the day. 
MRI 
All images were acquired in an Oxford Instru- 
ments 31 cm horizontal bore magnet operating at 
2.35 Tesla (100MHz), controlled by a Bruker 
Biospec II console. The probe coil, a two turn 
solenoid (id 25 ram) was used in transmit/receive 
mode within a 20 cm gradient system capable of 
delivering a field strength of up to 100 mT/m. 
Two sets of pilot scans (spin-echo, TR 800 ms, TE 
20 ms, 3.84 cm field of view, 256 × 128 image matrix 
giving 150 × 300 ttm in plane resolution from a 1 mm 
slice thickness) were made, each of which took 
1.7min. The first set of approximately coronal 
slices were used to establish whether the knee was 
in the center of the radio frequency coil; the second 
set of axial slices through the, menisci allowed 
adjustments o be made to position coronal scans 
through the center of the medial and lateral 
condyles, or sagittal slices through the medial 
condyle. Two types of multislice spin echo images 
were then acquired with a field of v}ew 3.84 cm, 
slice thickness 1 mm, and image matrix 512 x 256 
which gave an in-plane resolution of 75x 150 #m; 
five parasagittal s ices centered on the middle of 
the medial femoral condyle (TR 1500 ms, TE 40 ms, 
six signal averages in 35 rains) and four coronal 
slices positioned cranially to the caudal border of 
the medial meniscus (TR 1500 ms, TE 20 ms, four 
signal averages in 24 mins). 
T2 relaxation rates were estimated by fitting data 
from a T~-weighted series of parasagittal spin echo 
images on a pixel by pixel basis to a single 
exponential per pixel. Five differentially weighted 
sets of three slice images each were acquired using 
a Carr-Purcell-Meiboom-Gill (CPMG) sequence 
(TR 1500 ms, TE 20, 30, 45, 65, 90 ms, image matrix 
256 × 256, slice thickness 800/~m, two signal 
averages in 12 rain for each echo time). Fitting was 
achieved using the non-linear least squares 
algorithm according to Levenberg and Marquardt 
[321. 
MEASUREMENT OF CARTILAGE THICKNESS 
The magnetic resonance images were transferred 
to a n~twork of UNIX workstations for display and 
analysis and the measurements from those images 
were made using CaMReS software written in the 
C language by Dr N J Herrod. Measurements of
cartilage thickness were made interactively by 
displaying the image at high magnitude, and using 
a mouse-directed cursor to draw a line spanning 
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across the femoral and tibial cartilage; six 
measurements were made from each image in the 
region indicated by the box in Fig. 1 and the mean 
value recorded. The magnitude of random errors 
incurred by such measurements were determined 
as follows. For an initial training round and for 
four subsequent rounds of measurement, performed 
blinded and in random order, the mean and 
standard eviation of cartilage thickness measure- 
ments were determined in eight individual image 
sets obtained over a range of ages. In all cases, the 
between-session variance in the mean thickness 
(S.D. 30 pro) was less than the variance in the 
thickness estimates in an individual (S.D. 45 #m), 
indicating that the measurement could be made 
repeatably. Paired Student t-tests were performed 
on the data to test for significant swelling or 
thinning between the time points. The effect of 
deliberately misplacing the imaging slice was 
investigated to determine the margin of error 
which could be tolerated. By displacing the I mm 
imaging slice successively by 250/~m, the cartilage 
thickness was seen to change by less than one pixel 
(75/~m) over a range of approximately 1000 #m 
about the center on the medial condyle. Outside 
this range, substantial  distortions and part ial  
volume averaging effects were observed. The 
acceptable tolerance on slice positioning therefore 
should be less than 500/~m. This was comparatively 
simple to achieve in practice, excepting the period 
during which the animals were actively growing 
skeletally (up to 12 weeks of age). 
CALCULATION OF T2 RELAXATION TIMES 
Magnetic resonance data for an agarose gel were 
acquired using a bulk CPMG sequence and also the 
imaging protocol used to determine T2 in the 
guinea-pigs knees. Both data sets were fitted using 
the same nonl inear least squares fitting software. 
FIG. 1. Measurement of cartilage thickness. The parasagittal section from the center of the medial condyle was displayed 
at high magnification and measurements were made interactivety using a mouse-directed cursor to draw the lines 
spanning across the femoral and tibial cartilage. Six Values for cartilage thickness were made, and the mean recorded. 
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Fro. 2. Magnetic resonance images (spin echo, TR 1500 ms, TE 40 ms) showing a parasagittal view through the medial 
condyle of the knee of guinea-pig 4 at 8, 12, 18, 30, 36 and 52 weeks [(a)-(f)]. The cartilage in this individual appeared 
very swollen by 12 weeks of age (b) and retained that character throughout the remainder of the study up to 1 year. 
The bulk result, 30.1(_+0.1), compares favorably 
with the imaging measurement 28.5(+_0.8) for a T2 
species similar to articular Cartilage. Although it 
would have been desirable to have used a sample of 
that agarose gel as a reference sample for each 
guinea-pig measurement, there was not sufficient 
space inside the closely fitting knee coil to 
accommodate a sample. Consequently, it was 
decided to use the T2 values of other knee tissues 
which were not involved in the pathology as an 
'internal' reference. 
Following acquisition, the T2 weighted image 
sets were checked to ensure a precise registration 
of the image data. Image registration was per- 
formed where necessary by displaying the first 
image from the set at high magnification and 
consecutively displaying the remaining images 
from the set in the same window. Using this 
method, it was simple to detect motion when it 
occurred and correct for it using image processing 
filters allowing integral pixel shifts in horizontal 
or vertical directions. The T2 maps of the 
guinea-pig knee were transferred to the work- 
station for analysis and the relaxation times of 
three tissues were estimated: the muscle tissue in 
the media] head of the gastrocnemius, and the 
adipose tissue in the deep intramuscular fat pad (as 
references), and the tibia] and femoral cartilage. In 
the former two cases, a region of approximately 100 
pixels (~ 1 mm 2) was selected interactively and the 
mean value of the T2 relaxation times noted. 
Because hyaline cartilage is very thin, extreme 
care was taken to include data only from those 
pixels that fall entirely within the cartilage 
boundary and to reject pixels that contain also 
values representing synovial fluid tissue or 
meniscus. As an aid to analysis of those data, the 
calculated T2 image was  displayed at high 
magnification and a user defined mask was drawn 
on the image using Bezier curve-fitting tools. Using 
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this mask, the image was segmented to yield a 
second image containing only articular cartilage 
and synovial fluid. A frequency histogram was then 
generated of the T~ values under the masked area. 
Those values within the range of 0-200 ms 
(containing in excess of 95% of all the T2 values) 
were arranged in 50 groups as a histogram plot. 
The main peak of the frequency histogram was 
modeled to a bimodal Gaussian distribution using 
a nonlinear least squares fitting algorithm and the 
means of the lower of the two is given as the 
estimate fbr cartilage T2 [30, 32]. 
Resu l ts  
The pathological changes characteristic of knee 
OA that can be identified from magnetic resonance 
images of a cross-sectional study of the ageing 
guinea-pig have been described previously [24]. 
Significant changes associated with ageing in- 
cluded subchondral sclerosis (tibia > femur), tra- 
becular thinning and loss accompanied by the 
formation of pseudocysts with sclerotic borders, 
osteophytosis and cartilage degeneration. Bony 
changes involving the development of cysts, 
osteophytes and sclerosis viewed in sagittal and 
coronal slices through the cruciate junction have 
been described in detail elsewhere [31]. The 
cartilage of individual older animals assessed from 
the sagittal abaxial slice through the medial 
condyle either showed a swollen hypertrophic 
appearance or had noticeably thinned. The present 
paper focuses specifically on assessing those 
cartilage changes longitudinally over the first year 
of life to establish whether a clear pattern of 
degeneration can be identified. It was decided to 
monitor two parameters; cartilage thickness 
measured interactively from the magnetic 
FIG. 3. Magnetic resonance images (spin echo, TR 1500 ms, TE 40 ms) showing a parasagittal view through the medial 
condyle of the knee of guinea-pig 8 at 8, 12, 18, 30, 36 and 52 weeks [(a)-{f)]. The cartilage thickness of this animal 
showed a slight increase initially up to around 18 weeks of age (c) and then decreased consistently up to the end of 
the study. 
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FIG. 4. Variation of total (tibial + femoral) cartilage thickness with time; (a) for guinea-pigs 1 (O), 4 ( i ) ,  7 (A) and 10 
(V); for guinea-pigs 2(0), 6 ([~), 8 (/k) and 9 (V); (c) mean values for all eight animals _+ S.D. Six values for cartilage 
thickness were measured for each image as described in Fig. 1. Approximately half the study group (a) showed gross 
thickening of the cartilage on average by threefold over the first 16 weeks. The cartilage of the other four guinea-pigs 
showed only a slight thickening over the same time period, and thereafter, became progressively thinner. 
resonance image on the computer screen and the T2 
relaxation rate of water within the cartilage which 
reflects alterations in the amount of both water and 
matrix within the tissue. 
The sagittal plane was preferred for estimations 
of cartilage thickness because the medial femoral 
condyle is more nearly flat in a medial- lateral 
direction than in a cranial-caudal one. Thus 
partial volume (blurring) errors are minimized by 
selecting the imaging plane in which the joint 
tissues vary least through the 1 mm imaging slice. 
At 8 weeks of age, the art icular cartilage of all 
animals was clearly defined, of intermediate signal 
intensity with a sharp outline [Figs 2(a) and 3(a)]. 
In four of the eight animals studied, this well 
defined outline was altered by 12 weeks and 
appeared iffuse and swollen. At all time points the 
thickness of the cartilage remained much higher 
than at 8 weeks. Fig. 2 shows a set of knee images 
taken from one animal (guinea-pig 4) representa- 
tive of this group at different imes. Graphs of the 
change in thickness with time are shown in Fig. 4. 
The cartilage of all Other animals also became 
thicker up to 18 weeks but was not as diffuse and 
retained a better defined outline; thereafter some 
knees showed a marked thinning and loss of 
cartilage whereas in others the cartilage pro- 
gressed to a diffuse inhomogeneous appearance of 
lower signal intensity. Fig. 3 shows a set of knee 
images taken from one animal (guinea-pig 8) 
representative of this group at different times. 
Graphs of the change in thickness with time are 
shown in Fig. 4. It is clear from the above data that 
art icular cartilage in the guinea-pig knee does not 
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progressively become th inner  with age in a l inear  
manner  but, rather,  increases and decreases in 
th ickness with time. I t  is impor tant  o note  that  the 
bio logical  var ia t ion  between an imals  was out  of 
phase, so that  the plot  of mean th ickness over al l  
the an imals  [Fig. 4(c)] wi th  t ime obscures the very 
s igni f icant changes (relative to image resolut ion)  in 
th ickness observed when the individual  data are 
shown separately. 
The changes in cart i lage th ickness were com- 
pared wi th  the increase in body mass of the 
guinea-pigs at each t ime point  (Fig. 5). A l though 
the an imal  which developed the th innest  cart i lage 
was also the heaviest,  this t rend was not  repeated 
across the group and there  was no  stat ist ica l ly  
s igni f icant corre lat ion  of these two parameters  
wi th in  this group up to 52 weeks. 
T ransverse  T2 re laxat ion  t imes of di f ferent 
t issues with in the jo int  were ca lcu lated in order  to 
determine whether  any var ia t ion  of the T2 value 
occur red  over the t ime course under  s tudy and, in 
part icular ,  to establ ish whether  the T2 rate  of the 
ar t i cu la r  cart i lage a l tered in a cons is tent  manner  
with progressive degenerat ion.  Because it was also 
of interest  to find out  how accurate ly  such 
measurements  could be made in vivo, sets of T2 
weighted MR images were obta ined f rom two 
addi t ional  indiv idual  an imals  th roughout  the 
study. In addit ion, s imi lar  data was acqu i red from 
four other  an imals  at 8 and at 52 weeks. A 
d istr ibut ion of measured  T2 values in the ar t i cu la r  
cart i lage of  one an imal  at 8 and 52 weeks is shown 
in Fig. 6. At  8 weeks [Fig. 6(a)] the h ighest  
concent rat ion  of va lues is at 24 ms, wi th  a much 
lower spread  of va lues up to 180ms which 
corresponds to a smal l  quant i ty  of synovia l  fluid; a 
p ronounced shoulder  on the r ight -hand edge of the 
main  peak  was a cons istent  f inding wi th  these 
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FIG. 5. Variation in body mass with time; (a) for guinea-pigs 1 (0), 4 ( I ) ,  7 (&) and 10 (V); (b) for guinea-pigs 2 (O), 
6 ([:3), 8 (~) and 9 (V); (c) mean values for all eight animals ± S.D. All animals showed a very similar increase in body 
mass over the first year indicating that cartilage swelling or thinning is not directly related to weight gain. 
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FIG. 6. Histograms demonstrate he distribution of T2 values for water within the articular cartilage. (a) Represents 
the distribution at eight and (b) the distribution at 52 weeks of age for the animal imaged in Fig. 1. Histogram (a) 
contains a concentration of values around 24 ms; values of this order are characteristic of healthy articular cartilage. 
A small tail of readings up to 180 ms is also present; this is expected on the basis of a number of image pixels near 
the articular surface containing a variable proportion of synovial fluid with T2 - 180 ms. The shoulder on the main peak 
(-45 ms) can be identified with image pixels on the surface of the medial meniscus. (b) Comparison of an equivalent 
histogram at 52 weeks of age reveals an increase in cartilage volume (modal frequency) along with a marked shift in 
the T~ distribution to longer relaxation (-mace) and a possible reduction in the T2 of the accompanying joint fluid. 
histograms, and represented values from pixels 
adjacent o the menisci. In the same animal at 52 
weeks of age, a marked shift is evident in the main 
T~ peak to around 40 ms. The mean T2 of the 
art icular  carti lage of six guinea-pigs at 8 weeks 
was 23.7 ms with an inter-animal s tandard devi- 
ation of 0.8 ms. The corresponding mean T2 value at 
52 weeks was 39.2 ms with a standard deviation of 
9.3 ms. The difference in mean T~ is signif icant at 
the 0.5% level (Student's t test, single ended). 
The T2 relaxat ion times of art icu lar  cart i lage 
were compared with those of muscle and adipose 
tissue in the knee of two animals at different imes 
(Fig. 7). Results for adipose tissue at 8 weeks are 
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not shown because the fat pad was not clearly 
definable at this age; however up to 52 weeks the T2 
values were extremely consistent for the adipose 
tissue at 47 ms with variations of less than i ms. T2 
values for the gastrocnemius muscle were also 
relatively stable at 32-34 ms, with a variation of 
2-3 ms. In contrast, there was a sharp increase in 
the T2 value of the art icular cartilage which 
remained constant at 23ms up to 18 weeks, 
but increased consistently to more than 30 ms at 
30 weeks and leveled off at about 40 ms after 
36 weeks. 
Discuss ion  
A previous MRI study that compared views of 
the knees of 8- and 80-weeks-old guinea-pigs 
indicated that loss of art icular cartilage was a 
clearly definable feature of the older animals [24]. 
In the present work we have investigated whether 
it would be possible to visualize that thinning with 
time as part of a longitudinal study. In the event, 
serial scanning of the same knees, revealed that 
cartilage thinning does not always occur consist- 
ently in a l inear manner, but progresses through 
one or more thickened phases, over the first year of 
55 
50 
45-  
40 
c0 
35 
30-  
25-  
O 
o 9 . . . . . . . . . . .  o_ . . . . . . . . .  j 
20 I • I I I l 
0 10 20 . 30 40 50 60 
Age (weeks) 
FIO. 7. Variation of T2 relaxation times in the muscle, 
adipose tissue and articular cartilage in the knee of 
guinea-pigs 3 and 5; the symbols represent individual 
values from those two animals while the mean is shown 
as a continuous line. The mean T2 values of water within 
the control tissues (muscle and adipose) show the 
expected egree of consistency both between animals 
and over time; variability in the mean T2 for those tissues 
is less than 2 ms. Similarly, T2 values for the water within 
articular cartilage were consistent at 23.5-24.3 ms at the 
earlier time points. However a dramatic elevation in T~ 
values to more than 40 ms was found in cartilage by 52 
weeks. ( ) articular cartilage; (" " ") muscle tissue; 
( - - - )  adipose tissue. 
life. Other investigations of OA and osteoarthrit ic 
type pathology by MRI have also described 
carti lage swelling, a diffuse appearance and 
hypertrophy [21, 25-27]. Direct measurements of
tibial and femoral cartilage thickness were at- 
tempted at six sites on the caudal port ion of the 
medial tibial plateau and the mean noted. However, 
the clear contrast present between the carti lage 
surface and synovial fluid in animals at 8 weeks of 
age was lacking as early as 12 weeks in many of the 
animals making identification of the superficial 
cartilage boundary very difficult. Even in those 
knees where the carti lage surface could be reliably 
defined, the resolution of the magnetic resonance 
image (75 #m/pixel) relative to  cartilage depth 
(250 gm), limits the accuracy of such measurements 
to around 20-30%. Nevertheless it is encouraging 
to note that the thickness of the swollen carti lage 
observed at 24 weeks was significantly different 
from the 8 week value at the 1% level; the 
subsequent overall trend to thinner carti lage from 
24-52 weeks narrowly failed to achieve significance 
at the 5% level because of the different course of 
the disease in individuals. 
A conclusion drawn from these data is that  there 
may be two distinct patterns of cartilage pathology 
in the guinea-pig knee. Alternatively, all the 
knees may progress through a hypertrophic phase 
followed by degeneration, as occurs in the dog and 
other species following transection of the anterior 
cruciate ligament, and the two groups may simply 
reflect the biological variation of the rate of 
progression. In the first group, the carti lage 
appears already significantly thickened by 12 
weeks, and retains that status throughout much of 
the course of joint degeneration. In the second 
group, the cartilage appears less thickened by 12 
weeks but is diffuse with an ill-defined surface 
followed by a period of subsequent thinning. 
An initial swelling of the cartilage was observed 
to some degree in all the joints imaged between 
8 and 24 weeks immediately before the marked 
increase in the T2 relaxation rate. This reflects 
possibly disruption of cross-links in the matrix 
which diminishes the tensile strength of the 
fibrillar network of the cartilage, enabling the 
proteoglycan gel to absorb water and occupy an 
increased volume. A lengthening of the T2 values of 
protons in the water molecules within the tissue is 
consistent with a less restricted molecular environ- 
ment and increased uptake of water. 
In a joint of this size measurement of the T2 
relaxation times may prove to be more reliable as 
a longitudinal indicator of cartilage degeneration 
than monitoring cartilage depth. The mean T2 
value in young animals was 23.7 ± 0.8 ms rising to 
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39.2 + 9.3 ms at 1 year of age. Elevated T2 values 
in articular cartilage have previously been noted in 
osteoarthritic rhesus macaque monkeys [27] and in 
the rabbit knee following intra-articular injection 
with papain or interleukin 1 [28, 29]. The biochemi- 
cal and histological correlate of this increase in T: 
values needs to be identified. It could represent 
an alteration in the concentration of a matrix 
component, or the way in which water molecules 
interact with a disrupted collagen-proteoglycan 
network. Establishing a consistent relationship 
between, for example, T2 and collagen or proteo- 
glycan concentration would be of considerable 
value for the objective assessment of cartilage 
degeneration and recovery in future studies. 
It is not clear why cartilage degeneration 
progressed to considerable oss of material in some 
of the knees examined but remained swollen in 
others. Severe bony changes uch as cysts, sclerosis 
and osteophytes were evident in all the animals, 
and T2 values were significantly elevated whether 
the cartilage was thinner or thicker at 52 weeks. 
Measuring changes in cartilage T2 values, there- 
fore, may provide an accurate and reliable indicator 
of progressive pathology of osteoarthritic cartilage 
in vivo and should be further validated with an 
increased sample size for correlations with discrete 
biochemical changes in the cartilage. 
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